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[57] ABSTRACT

The present invention relates to dielectric ceramic compo-
sitions for microwave applications consisting of BaO, PbO,
Nd,0,, CeO,, La,0, and TiO, or consisting of composi-
tions including these elements and having a composition
formula (I).

x(Ba;_oPbo)O-y[Nd, 03 5 CeO,pL 2,050y 1-2Ti0, @M

wherein mol %, 6=x=20, 10Sy=20, 602575, x+y+z=
100; and 0<ae=0.5, 0=B=0.2, 0=y=0.2 and O<1-f—y<1.
These dielectric ceramic compositions for microwave appli-
cations have a dielectric constant above 90 at room
temperature, a temperature coefficient at the resonant fre-
quency within +5 ppm/°C. and a quality factor above 5,000
at 1 GHz, they can be used as filters, as resonator dielectrics
for microwave applications, as laminated ceramic
capacitors, as dielectrics for electromagnetic wave impedi-
ment filters and as dielectrics for capacitors. Further, these
compositions can reduce the problems of evaporation of lead
oxides and bismuth oxides, and thus can reduce the use of
elements harmful to human body.

12 Claims, No Drawings
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DIELECTRIC CERAMIC COMPOSITIONS
FOR MICROWAVE

FIELD OF THE INVENTION

The present invention relates to dielectric ceramic com-
positions for microwave, especially to dielectric ceramic
compositions for microwave having high dielectric constant,
low temperature coefficient of resonance frequency and
good quality factor (Q).

DESCRIPTION OF THE RELATED ART

Recently, wireless communication means such as car
phones, cellular phones, wireless phones and satellite broad-
casting receivers are widely used, and thus properties of
various elements such microwave circuits and integrated
circuits as well as filters for microwave band, substrate and
voltage controlled oscillator (VCO) become improved.

Materials used in the above elements for microwave must
have large dielectric constant, high quality factor of more
than 5.000 at high frequency and low temperature coefficient
of +5 ppm/°C. of resonance frequency. Therefore, elements
for microwave form a dielectric ceramic such as BaO-
Nd,0,-TiO, system and BaO-Sm,0,-Ti0O, system having
high dielectric constant, and make resonator forms. Dielec-
tric ceramics such as the above BaO-Nd,0,-TiO, system
and BaQ-Sm,0;-TiO, system had dielectric constant(e) of
60 to 80 and quality factor (Q) of 5,000 at 1 GHz, but had
a problem of high temperature coefficient (19 of £30 ppm/
°C. of resonance frequency.

Zunichi Gato, etc., [Japanese Journal of Applied Physics,
Vol. 30, No. 9B, pp 2343-2346 (1991. 11)] suggested a
PbO-Zr0O,-Ca0 system having high dielectric constant. This
PbO-ZrO,-Ca0 system had a high dielectric constant of
above 90, but had a low quality factor of 1,000 to 3,500 and
high loss coefficient at above 3 GHz of high frequency, and
thus it had a defect of high parts loss of band pass filters
(BPF) and voltage controlled oscillators.

‘Wakino etc., [Journal of America Ceramic Society, vol.
67, No. 4, pp. 278-281] suggested a composition of BaO-
Pb0O-Nd,0,-TiO, system. This composition of BaO-PbO-
Nd,05-TiO, system which is the composition of BaO-
Nd,05-TiO, system added PbO, has a composition ratio of
0.5 BaO—0.5 PbO—1.0 Nd,0,—S5.0 TiO,. Dielectric con-
stant of this BaO-PbO-Nd,0,-TiO, system composition
becomes high in degree of 85 to 90 by adding PbO, and
quality factor is 4,000 to 5,000.

However, since the composition of BaO-PbO-Nd,O;-
TiO, system has a very large composition ratio of PbO and
Pb is very volatile, in proportion to the amount of Pb, the
evaporated amount becomes large, and thus elements made
of this composition do not have uniform composition ratio
and can have a fatal effect on human body due to its
manufacturing process.

DETAILED DESCRIPTION OF THE
INVENTION

Therefore, the purpose of the present invention resides in
providing dielectric ceramic compositions for microwave
having high dielectric constant and good quality factor at
high frequency, and low temperature coefficient of reso-
nance frequency in order to produce devices for microwave.

Other purpose of the present invention resides in provid-
ing dielectric ceramic compositions for microwave which
can produce devices having uniform composition ratio by
reducing a composition ratio of PbO and evaporated amount
of harmful Pb.
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Dielectric ceramic compositions for microwave according
to one Example of the present invention in order to accom-
plish the above purposes consist of BaO, PbO, Nd,0,,
Ce0O,, La,0, and TiO, or consist of compounds of these
elements and have a composition formula (I).

x(Ba,_Pb,)0—y[Nd, 0 (1—MC°02@)1-3203@]”'1“02 o

wherein, 6 mol %=x=20 mol %. 10 mol %=y=20 mol %,
60 mol %=z=75 mol %, x+y+z=100 mol %, 0<a=0.5,
0=B=0.2, 0=y=£0.2 and O<1-B-y<1.

Dielectric ceramic compositions for microwave according
to other Examples of the present invention in order to
accomplish the above purposes, consist of BaO, PbO,
Nd,0,. CeO, and TiO,, or consist of compounds of these
elements and include as main component compound of
formula (I) and as minor components one or more kinds of
oxides selected from the groups consisting of CuQO. ZnO,
Bi,O; and MnO in amount of less than 1 wt %.

X(Bay_Pbe)0-y[Nd 05 _p CeOpplay0s0y | -2Ti0, @
wherein, 6 mol % =x=20 mol %, 10 mol %=y=20 mol %,
60 mol %=z=75 mol %, x+y+z=100 mol %, 0<a=0.5 and
0=p=0.2.

Consisting of BaO, PbO, Nd,0,, CeO,, La,0, and TiO,
or by adding as main components BaO, PbO, Nd,0;, CeQ,,
La,O; and TiO, and one or more kinds of CuO, ZnO, Bi,0,
and MnO as minor components selectively, dielectric
ceramic compositions, which have high dielectric constant
and quality factor at high frequency and low temperature
coefficient of resonance frequency, and thus can produce
elements for microwave, can be obtained.

Examples

The above given main components or the main compo-
nents and the given minor components weighed in plastic
container, and mixed with deionized water in ball milling
method. After evaporating the deionized water, powder
dried. By calcinating the dried powder for two hours in high
temperature of above 1,000° C., made crystal structure,
added a proper amount of polyviny! alcohol and mixed in
Zirconia induction. And then, this mixed material molded as
a cylindrical test piece of 10 mm diameter and 5 mm height
by using mold and hydraulic press and sintered on the
Zirconia setter in electric furnace. Molding carried out in
above 1.0 ton/cm? pressure, and sintering carried out in high
temperature of 1,250° to 1,400° C. for 2 to 4 hours in air
atmosphere.

Dielectric constant and quality factor of a test specimen
made by above process was measured and temperature
cocfficient of resonance frequency was calculated. Dielectric
constant measured by Hakki-Coleman method at high fre-
quency of 3 GHz was above 90, and quality factor measured
by open resonator method in unioaded test specimen at 1
GHz was above 4,500.

Calculated by the following formula, temperature coeffi-
cient of resonance frequency (1) was within about *+10
ppr/°C. in temperature range of 25° to 125° C. on the basis
of resonance frequency at 25° C.

125) - 25 1
‘y:% X —7= (ppm/°C.)
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wherein,

f(125) is the resonance frequency at 125° C.

f(25) is the resonance frequency at 25° C.

f(25) and f(125) are a little different according to each of
test specimens in center of 3 GHz. and AT is the
difference between measuring temperatures, in the case
of the above formula, AT=125° C.-25° C.=100° C.

It is clear that as increasing the composition ratio of TiO,,
optimum sintering temperature lowered. and quality factor
increased. However, when the composition ratio of TiO, is
more than 75 mol %, since temperature coefficient of
resonance frequency shifts to positive (+) direction greatly,
it is difficult to practise. Also, when the composition ratio of
TiO, is less than 60 mol %. dielectric does not form. As the
amount of Nd,0, in composition increases, quality factor
increases and sintering temperature increases above 1,400°
C. When more than 20 mol %, temperature coefficient of
resonance frequency shifts to positive direction; when less
than 6 mol %, relatively the composition ratio of TiO,
increases, and thus temperature coefficient of resonance
frequency shifts to positive direction.

As the composition ratio of BaO increases, quality factor
lowers and temperature coefficient of resonance frequency is
stabilized. And, as the composition ratio of PbO increases,
optimum sintering temperature lowers and dielectric con-
stant increases. However, when more than 50 mol %, due to
evaporation of Pb, it is difficult to control composition and
quality coefficient lowers abruptly. Also, as composition
ratios of CeQ, and La,0, in compositions increases dielec-
tric constant and quality factor increase; optimum sintering
temperature lowers; and temperature coefficient of reso-
nance frequency shifts to positive direction. When selec-
tively adding one or more kinds of minor components
consisting of CuO, ZnO, Bi,0, and MnO to the composi-
tions in excess amount, dielectric constant increases; tem-
perature coefficient of resonance frequency shifts to 0 ppm/
°C.; and sintering temperature lowers.

In the above compositions, BaCO, instead of BaO, Pb,0,
instead of PbO can be used. Even though carbon component
evaporates, BaCO; do not change dielectric property
greatly; Pb,O, renders each of compositions mixed
uniformly, and do not change dielectric property greatly.

When sintering temperature increases at the same
composition, dielectric constant and quality factor increase
a little; when sintering temperature lengthens, dielectric
constant changes little and quality factor increases a little.

Table 1 shows dielectric properties of dielectric ceramics
according to the Examples of compositions of the present
invention, dielectric constant, quality factor and temperature
coefficient of resonance frequency of dielectric ceramic
compositions having a composition formula

x(Ba;_oPb)O-y[Nd;0;_p 5 CeO0,p}-2Ti0,

which obtained by using BaO, PbO, Nd,0,. CeO, and TiO,
as components by the above method.

The composition formula is the composition that a given
amount, ie., B of CeQ, is added instead of Nd,O;. In the
formula, 6 mol %=x=20 mol %, 10 mol %=y=20 mol %,
60 mol % =z=75 mol %, x+y+z=100 mol %, O0<x=0.5 and
0=p=0.2.

Table 2 shows dielectric constant, quality factor and
temperature coefficient of resonance frequency of dielectric
ceramics of comparative examples which deviate from com-
position of Examples of the present invention. As seen in
Table 2, when composition ratio of BaQ is 35.0 mol %,
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dielectric constant of dielectric ceramics of comparative
Examples increases to 141.4, but quality factor lowers
greatly to 1004, and temperature coefficient shifts to nega-
tive direction of —174 ppm/°C. greatly.

‘When composition ratio of Nd,O; is 22.4 mol %, quality
factor increases to 6300; but dielectric constant decreases to
68, and sintering temperature increases to 1,475° C. Also,
composition ratio of TiO, is 75.6 mol %, dielectric constant
decreases to 2,460, and temperature coefficient shifts to
positive direction of +150 ppm/°C. greatly.

As seen in Table 1 and Table 2, one or more properties
among dielectric constant, quality factor and temperature
coefficient of dielectric ceramics of comparative Examples
are inferior to those of dielectric ceramics according to the
compositions of the present invention.

Table 3 shows dielectric properties of dielectric ceramics
according to the other Examples of compositions of the
present invention, dielectric constant, quality factor an tem-
perature coefficient of resonance frequency of dielectric
ceramic compositions having a composition formula of
x(Ba;_,Pb,)O-y[Nd,04.; yL2;,05,,]1-2TiO,, which
obtained by using BaO, PbO, Nd,0;, La,0; and TiO, as
components by the above method. The composition formula
is the composition that a given amount, i.e., vy of La,0, is
added instead of Nd,0,. In the formula, 6 mol %=x=20
mol %, 10 mol %=y=20 mol %, 60 mol %=z=75 mol %,
X+y+2=100 mol %, 0<a=0.5 and 0Sy=0.2.

Table 4 shows diclectric constant, quality factor and
temperature coefficient of resonance frequency of dielectric
ceramics of comparative Examples which deviate from
composition of other Examples of the present invention. As
seen in Table 4, when composition ratio of BaO is 35.0 mol
%, dielectric constant increases to 160.4, but quality factor
lowers greatly to 986, and temperature coefficient shifts to
negative direction of —157 ppm/°C. greatly.

When composition ratio of Nd,O; is 22.4 mol %, quality
factor increases to 6150; dielectric constant decreases to 64,
and sintering temperature increases to 1,450° C. Also, com-
position ratio of TiO, is 75.6 mol %, dielectric constant
decreases to 2460, and temperature coefficient shifts to
positive direction of +168 ppm/°C. greatly.

As seen in Table 3 and 4, one or more properties among
dielectric constant, quality factor and temperature coefficient
of dielectric ceramics of comparative Examples are inferior
to those of dielectric ceramics according to the compositions
of the present invention.

Table 5 shows dielectric properties of dielectric ceramics
according to another Examples of compositions of the
present invention, dielectric constant, quality factor and
temperature coefficient of resonance frequency of dielectric
ceramic compositions having a composition formula of

x(Ba,_oPb,)0-y[Nd,0;_pLa,0;,]2TiO;,

which obtained by using BaO, PbO, Nd,0,, La,0, and TiO,
as components by the above method. The composition
formula is the composition that a given amount, i.e., p of
CeO, and v of La,0, are added instead of Nd,Os.

In the formuta, 6 mol %=x=20 mol %, 10 mol %=y=20
mol %, 60 mol %=z=75 mol %, x+y+z=100 mol %,
0<a=0.5, 0=B=0.2, 0=y=0.2 and 0<1-f—y<1.

Table 6 shows dielectric constant, quality factor and
temperature coefficient of resonance frequency of dielectric
ceramics of comparative Examples which deviate from
composition of another Examples of the present invention.
As seen in Table 6, when composition ratio of BaO is 35.0
mol %, dielectric constant increases to 136.2, but quality
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factor lowers greatly to 1,004, and temperature coefficient
shifts to negative direction of —174 ppm/°C. greatly.

When composition ratio of Nd 0 is 22.4 mol %, quality
factor increases to 5,980 which is greater than that of the
present invention; dielectric constant decreases to 60.5, and
sintering temperature increases to 1,475° C. Also, compo-
sition ratio of Ti0, is 75.6 mol %, dielectric constant
decreases to 2460, and temperature coefficient shifts to
positive direction of +150 ppm/°C. greatly.

As seen in Table 5 and Table 6, one or more properties
among dielectric constant, quality factor and temperature
coefficient of dielectric ceramics of comparative Examples
are inferior to those of dielectric ceramics according to the
compositions of the present invention.

Table 7 shows dielectric properties of diclectric ceramics
according to another Examples of composition of the present
invention, dielectric constant, quality factor and temperature
coefficient of resomance frequency of dielectric ceramic
compositions having a composition formula of x(Ba, Pba)
0-yINd,0;,_py CeOyq)|-2Ti0,, which obtained by using
BaO, PbO. Nd,0;, CeO, and TiO, as main components and
selectively using one or more kinds of Cu0, Zn0O, Bi,0O; and
MnO as minor components by the above method.

In the formula, 6 mol % =x=20 mol %, 10 mol %=y=20
mol %, 60 mol %=z=75 mol %, x+y+z=100 mol %.
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0<=0.5 and 0=B=0.2, and minor components selected
one or more kinds from the group consisting of CuO, ZnO,
Bi,0, and MnQ are added excessively in amount of greater
than 0 wt % and less than 1.0 wt %.

Table 8 shows dielectric constant, quality factor and
temperature coefficient of resonance frequency of dielectric
ceramics of comparative Examples which deviate from
composition of another examples of the present invention.
As seen in Table 8, when minor components of CuQ, ZnO.
Bi,O; and MnO become greater than 1 wt %, dielectric
constant of dielectric ceramics of comparative examples is
about 80 to 86 and quality factor is about 2,800 to 3,900
which are smaller than those of dielectric ceramics accord-
ing to another Examples of the present invention.

Thus, since dielectric ceramic compositions for micro-
wave according to the present invention have above 90 of
dielectric constant at room temperature, 5 ppm/°C. of
temperature coefficient of resonance frequency and above
5.000 of quality factor at 1 GHz, they can be used as filter
for microwave, resonator dielectrics, laminated ceramic
capacitor, dielectrics for electrornagnetic waves impediment
filter and dielectrics for capacitor. Also, dielectric ceramic
compositions of the present invention can reduce the prob-
lems of evaporation of Lead Oxides and Bismuth Oxides,
and can reduce the use of harmful elements to human body.

TABLE 1
(x +y+z=100)
Sample Main components (mol %) Sintering Cnd. DC QF kA
No. x y z o B v Tp(°C.) Timecth) e QXf (ppm/C)
1 166 167 667 050 015 0 1350 2 97.1 5441 -1.6
2 167 166 667 050 010 0 1350 2 959 5448 3.6
3 167 166 667 050 020 O 1350 2 97.5 5389 +1.3
4 66 197 737 040 015 0 125 3 964 5150 +4.8
5 142 154 704 045 020 0 1275 4 95.1 5510 +2.1
6 166 167 667 050 020 0 1325 2 96.5 5353 +1.1
7 166 167 667 050 005 0 1325 2 95.2 5346 ~16
8 114 185 701 035 010 0 1300 2 96.8 5450 —43
9 167 166 667 050 010 0 1375 2 954 5451 -16
10 166 167 667 050 015 0 1375 2 958 5482 +4.4
11 195 109 696 035 020 0 1375 4 953 5440 -2.0
12 167 166 667 050 020 0 1375 2 95.7 5479 +8.1
Sintering Cnd.: Sintering Conditions
Tp: Temperature
DC: Dielectric Constant
QF: Quality Factor
TABLE 2
Et+tv+z=100)
Sample Main components {mol %) Sintering Cnd. DC QF T
No. x y z o B vy Tp(°C.) Time (h) e Qxf (ppm/°C)
1 350 70 580 050 020 O 1350 2 1414 1004 -174
2 9.1 224 685 040 020 0O 1475 2 68 6300 +83
3 94 150 756 045 015 0O 1350 2 83.6 2460 +150

Sintering Cnd.: Sintering Conditions

Tp: Temperature

DC: Dielectric Constant

QF: Quality Factor
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TABLE 3
(x+v+z=100)
Sample Main components (mol %) Sintering Cnd. DC QF T
No. x y z o B v Tp(°C.) Time (h) e Qxf (ppm/°C.)
1 166 167 667 0.50 0 0.15 1350 2 925 5704 +9.7
2 167 166 667 0.50 0 0.15 1350 4 925 5902 +8.1
3 145 155 700 035 O 005 1350 3 96.1 5620 -0.8
4 166 167 667 050 0 015 1375 2 939 5589 +6.8
5 167 166 667 040 O 010 1375 2 942 5503 +4.7
6 166 167 667 025 0 015 1350 2 924 5487 +2.3
7 64 198 738 045 0 010 1300 3 96.7 5638 +5.8
8 166 167 667 030 0 020 1350 2 945 5620 +7.6
9 108 185 707 0.25 0 0.15 1300 2 97.7 5395 —4.1
10 195 107 698 045 Q 0.05 1250 4 95.6 5843 -2.8
11 125 158 717 040 0 020 1375 2 974 5340 +3.6
12 152 169 679 035 Q 0.10 1300 2 967 5620 -0.8
Sintering Cnd.: Sintering Conditions
Tp: Temperature
DC: Dielectric Constant
QF: Quality Factor
TABLE 4
(x+y+2z=100)
Sample Main components (mol %) Sintering Cnd. DC QF T
No. x y z o g Y Tp(°C.) Tme (h) e Qxf (ppm/°C)
1 350 70 580 045 0 020 1375 2 160.4 986 -157
2 9.1 224 685 040 4] 0.10 1450 2 64 6150 +96
3 94 150 756 040 O 015 1350 2 843 2740  +168
Sintering Cnd.: Sintering Conditions
Tp: Temperature
DC: Dielectric Constant
QF: Quality Factor
TABLE 5
(x+y+z=100)
Sample Main components (mol %) Sintering Cnd. DC QF T
No x y z o B y TH°C) Time (b) e Qxf (ppm/°C.)
1 166 167 667 050 010 005 1325 2 962 5375 +4.6
2 167 166 667 050 005 0.10 1325 2 950 5550 +9.3
3 195 109 696 035 025 005 1250 3 95.5 5356 +1.2
4 66 197 737 045 020 005 1275 4 964 5730 +3.7
5 124 149 727 040 015 020 1275 2 960 5910 +1.2
6 142 185 673 045 020 005 1300 2 974 5900 +5.4
7 166 154 680 050 010 005 1300 2 96.2 5392 +3.4
8 167 166 667 050 005 0.10 1300 2 95.6 5399 +8.2
9 167 166 667 050 010 005 1275 2 95.5 5068 +2.3
10 166 167 667 050 005 010 1275 2 950 5076 +6.5
11 152 163 685 040 015 0.15 1300 2 953 5404 +2.7
12 109 184 707 025 025 010 1275 2 95.8 5504 —-4.7




5,688,732

9 10
TABLE 6
{(x+y+z=100)

Al Main components (mol %) Sintering Cnd. DC QF T
e x y z o B Yy Tp°C) Time(h) e Qxf (ppm/C)
1 350 70 580 050 020 005 1350 2 136.2 1004 -174
2 91 224 685 040 010 010 1475 2 60.5 5980 +64
3 94 150 756 045 0.15 015 1350 2 814 2460 +150

TABLE 7
(x+y+x=100)
Sint. Cod.

Sample Main components (mol %) Minor C. Tp Time DC QF T
e Qxf (ppm°C)

939 4740 +0.1
935 4845 +5.1
923 4654 -2.6
913 4861 +0.3
91.7 4670 =27
929 4819 +3.6
904 4822 +5.8
90.6 5084 +6.3
92.7 4855 +1.4
93.6 5154 +4.9
958 5002 -3.8
92.5 4948 +5.9
93.2 4793 +2.1
925 4934 +4.6
945 4859 ~2.4
94.7 4959 +4.8
947 4740 +2.5
90.6 5254 +3.6
94,6 4986 -2.1
92.6 5084 +6.4
92.5 4698 -1.4
93.5 4863 +5.9
923 4667 -2.6
913 4865 +2.5

No. x y z o B (wt %) (°C.)

G

166 167 667 050 020 Cu0 0.5 1300
167 166 667 050 020 ZnO 0.5 1300
167 166 667 050 0.10 Bi,0, 0.5 1300
166 167 667 040 020 MnO 0.5 1300
142 154 704 045 015 Cud 09 1250
166 167 667 050 020 Zn0 05 1275
166 167 667 050 005 Bi,0, 04 135
124 171 705 035 020 MnO 0.2 135
167 166 667 040 0.5 CuD 0.6 1275
10 166 167 667 040 015 Zn0 04 1325
11 195 109 696 035 020 Bi,O, 06 1350
12 167 166 667 050 020 MaO 07 1350
13 166 167 667 050 020 CuO 0.5 1325
14 167 166 667 Q50 020 Zn0 0.7 1325
15 167 166 667 050 0.0 Bip,O; 05 1325
16 66 197 737 040 020 MnO 05 1325
17 166 167 667 050 020 Cud 03 1300
18 166 167 667 050 015 Zn0 0.6 1275
19 195 109 696 035 020 Bi,0, 03 1300
20 124 175 701 035 015 MnO 03 1275
21 166 167 667 045 020 CuO 08 1250
22 167 166 667 050 020 ZnO 0.8 1250
23 167 166 667 045 015 Bi,0, 08 1250
24 66 197 737 040 020 MoO 08 1250

OGO NI N W e

NARNRRONNARPARDRRNRENRNRDNNNDBRERNRDRNRDR RN

Minor C.: Minor Component
Sint Cnd.: Sintering Conditions
Tp: Temperature

TABLE 8

Lx+y+x=100)
Sample Main components (mol %) Minor C. Tp Tme DC QF Te
No. x y z o B (wt %) ¢Cy by e Qxf (ppm/°C)

1 166 167 667 050 0.0 CuO 12 1250 2 846 3850 -116
2 167 166 667 040 0.5 Zn0 13 1250 2 829 3008 +11.2
3 166 167 667 045 020 Bi,0, 1.1 1300 2 863 2786  -73
4 167 166 667 045 020 MnO 14 1250 2 806 3125  +85
Minor C.: Minor Component
Sint Cnd.: Sintering Conditions
Tp: Temperature
What is claimed is: least one compound selected from the group consisting of
1. Dielectric ceramic compositions for microwave com- fcofﬂ anEiDLa203 and having composition according to the
ormula (I):

ponents comprising Nd,0;, TiO,, a compound selected 6
from the group consisting of BaO and BaCO,, a compound
selected from the group consisting of PbO and Pb,0, and at X(Ba;_oPb JO-y(Nd, 05 _g Ce0spLa,050,)-2Ti0; 9]



5,688,732

11
wherein, in mol %, 6=x=20, 10=y=20, 6052575, x+y+
z=100, 0<a=0.5, 0=£p=0.2, 05y=0.2 and 0<1-B—y<1.

2. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, wherein the composition
comprises BaQ.

3. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, wherein the composition
comprises BaCO,.

4. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, wherein the composition
comprises PbO.

5. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, wherein the composition
comprises Pb,0,.

6. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, wherein the compositions are
sintered at a sintering temperature of 1250° to 1400° C. for
2 to 4 hours.

7. Dielectric ceramic compositions for microwave com-
ponents according to claim 1, further comprising up to 1 wt.
% of a compound selected from the group consisting of
CuO, ZnO, Bi,0; and MnO.
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8. Dielectric ceramic compositions for microwave com-
ponents according to claim 2, further comprising up to 1 wt.
% of one or more compounds selected from the group
consisting of CuO, ZnO, Bi,O0, and MnO.

9. Dielectric ceramic compositions for microwave com-
ponents according to claim 3, further comprising up to 1 wt.
% of one or more compounds selected from the group
consisting of CuO, ZnO, Bi,O; and MnO.

10. Dielectric ceramic compositions for microwave com-
ponents according to claim 4, further comprising up to 1 wt.
% of one or more compounds selected from the group
consisting of CuO, ZnO, Bi,O; and MnO.

11. Dielectric ceramic compositions for microwave com-
ponents according to claim 5, further comprising up to 1 wt.
% of one or more compounds selected from the group
consisting of CuO, ZnO, Bi, 0, and MnO.

12. Dielectric ceramic compositions for microwave com-
ponents according to claim 6, further comprising up to 1 wt.
% of one or more compounds selected from the group
consisting of CuQ, ZnO, Bi,0; and MnO.
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